Ⅰ. INTRODUCTION
The measurement of the electron's electric dipole moment (eEDM) has been a platform for searching new physics beyond the Standard Model of the elementary physics since 1950s, as suggested by E. M. Purcell and N. F. Ramsey [1] . A non-zero eEDM value can be directly used to trace the origin of the CP-violation [2] . An often-quoted value of eEDM in the Standard Model was predicted to be below 10 -38 e· cm, which is obviously far below the current experimental sensitivities [3] [4] [5] [6] .
However, many extensions to the Standard Model predict a much larger eEDM value, such as the SUSY variants and generic models [7, 8] , some of which are under direct test by experimental efforts with the recently published upper limit of d e <1.1×10 -29 e· cm [6] .
Mainly due to their important features of large internal effective electric field (E eff ) and high electric polarizability, there have been numerous diatomic molecules and molecular ions with heavy nuclei that are examined theoretically and experimentally to probe the eEDM, among which some precise experimental results have been obtained with YbF [3] , PbO [9] , ThO [4, 6] and HfF + [5] . Besides those, diatomic molecules and molecular ions such as PbF [10] , WC [11] , RaF [12] , HgX [13] , ThF + [14] and BaF [15] are under either theoretical investigation or experimental attempts. We stress that only the YbF [16] , RaF [17] and BaF [18] radicals have been either experimentally or theoretically studied for their laser cooling capabilities,
showing their competitive potentials in the eEDM measurement with much longer coherence time.
The large E eff , one of the features for eEDM precision measurement, was evaluated to be about 104 GV/cm for HgF [13] , larger than ThO with 84 GV/cm [19] , YbF with 26 GV/cm [20] and HfF + with 24 GV/cm [21] . [27] , the following expressions can be derived:
Here , , , , and represent the molecular rotational constant, the centrifugal distortion constant, the spin-rotational coupling constant, the Fermi contact interaction constant and the dipole-dipole interaction constant respectively.
is negligibly small compared with other constants. [30] With all the parameters mentioned above, the corresponding matrix elements for each term of the H eff with the basis | , , , , , ⟩ are derived as follows.
Eigenvalues and eigenvectors were obtained by numerical diagonalization of the As for the undesired leak, the leakage decay to the intermediate electronic state 
Ⅳ. BRANCHING RATIOS FOR THE
The distribution of the laser intensity can be determined by the branching ratios which reflect the transition strengths for all the hyperfine decay paths. In order to calculate the branching ratios, J mixing for the electric dipole transitions in 2 Π 1/2 ← 2 Σ 1/2 was considered first. The calculations were based on the equations (7) and (8) , and the details are described in Ref. [33] . 
Here x and y represent the coefficients of the superposition of pure J states. As shown in Table Ⅵ , J mixing exists only in F = 1 of the N = 1 manifold, and the g factors listed are only valid for magnetic field that induces small energy shift comparable to the hyperfine structure. 
The branching ratios for decays from hyperfine sublevels in | , = 1/2, +⟩ to hyperfine sublevels in | , = 1, −⟩ are listed in Table Ⅶ . 
Ⅴ. THE INTERACTION OF THE EXTERNAL MAGNETIC FIELD WITH HYPERFINE LEVELS OF HgF
In order to study the features of HgF MOT, it is crucial to analyze the effects of the external magnetic field upon the HgF 2 Σ 1/2 hyperfine levels. The Hamiltonian and matrix expression of the Zeeman interaction are given by Equations (12) and (13). respectively. To sum up, only the first term of Equation (12) is significant. Thus, the matrix representation of Zeeman effect is expressed by Equation (13) 
Ⅵ. SUITABILITY FOR eEDM PRECISION MEASUREMENT EXPERIMENT
For the eEDM measurement, the achievable statistical uncertainty can be expressed as = ℏ/(2 eff √̇) , where ̇ is the detected rate of the molecules, T is the total integration time, τ is the interaction time of the molecules with external fields in the Ramsey interferometer. E eff is the internal effective electric field of the HgF 2 Σ 1/2 state, which is closely related to the applied electric field E app and its relevant polarization factor η. This polarization factor was calculated from dividing the expectation value of Hamiltonian H d by E app . As shown in FIG. 5 , if the applied electric field E app is 10 kV/cm, the corresponding E eff is 62 GV/cm, compared with YbF of 14.5 GV/cm and BaF of 9 GV/cm respectively under the same E app . However, for the horizontal beam machine, coherence interaction time is greatly limited by the gravity, and should not be longer than ~10 ms. Therefore, for the current experiment, the molecular beam with 40 m/s forward velocity is slow enough.
Considering those above as well as the other parameters ever published, we are therefore able to estimate the number of molecules that is practical in the eEDM measurement to be ~5×10 5 molecules per shot. Ultimately, the most sensitive experiments will be conducted with trapped cold molecules, because up to tens of seconds interaction time may be obtained in the trapped experiments, thus the statistical sensitivity can be suppressed at least one order of magnitude. In order to achieve sensitivity at this statistical limit, the noise due to random fluctuations of the magnetic field must be suppressed to fT Hz −1/2 level [40] . This can be achieved by good magnetic shielding together with the use of appropriate materials inside the apparatus [40] .
Except for the laser cooling scheme, Stark decelerator [41, 42] is also eligible, with the Stark shift of the three lowest rotational levels of the We also studied the HFS, Zeeman shift and hyperfine structure magnetic g factors of 
